Summary
A total of 208 sows and 288 gilts (PIC Line C29) were used to determine the influence of feeding frequency (2 versus 6 times per day) in gestation on performance and welfare measurements. The experiment was conducted on a commercial sow farm in northeast Kansas that typically housed gestating sows and gilts in pens. Treatments consisted of feeding similar amounts of feed to each sow or gilt over 2 (07:00 and 15:30) or 6 meals per day (07:00, 07:30, 08:00, 15:30, 16:00, and 16:30 hours). There were 8 sows or 12 gilts in each pen. Gilts and sows were moved to pens after breeding.
In gestating sows, there were no differences (P>0.10) between treatments in ADG, backfat change, or variation in body weight. There was a trend (P<0.08) for sows fed twice a day to farrow more total number born, but number born alive or other measures of reproductive performance were not different (P>0.10) among treatments. Sows fed 6 times a day had increased vocalization during the morning (P<0.07) and afternoon (P<0.01) feeding periods, compared with sows fed twice a day, but sows fed twice a day had more skin (P<0.01) and vulva (P<0.04) lesions, as well as a small, but significant, in-crease in feet/leg (P<0.01) and hoof (P<0.02) problems.
In this commercial facility, the standard management protocol required moving gilts to a different gestation facility. On d 42, two pens of gilts with similar breeding dates and treatment were combined and moved to another facility with larger pens until farrowing. From d 0 to 42, gilts fed 6 times a day had greater ADG (P<0.07) and d-42 backfat (P<0.09). After movement to the larger groups from d 42 to farrowing, ADG was similar (P > 0.10) for gilts fed 2 or 6 times per day. Gilts fed twice a day had less weight variation at both d 42 (P<0.04) and at farrowing (P<0.10). In gilts, there were no differences (P>0.10) for reproductive performance, skin and vulva lesions, and leg/feet and hoof scores.
In conclusion, there were few growth, farrowing, or aggression differences among gilts fed either 2 or 6 times per day. This suggests that either feeding method is suitable for group-housed gilts. Among sows, different feeding frequency resulted in few growth or farrowing-performance differences. Feeding 6 times per day did result in a small, but significant, reduction in skin and vulva lesions and structural-problem scores, while increasing vocalization. Increasing the feeding frequency 1 The authors thank the National Pork Board for funding. 
Introduction
In many commercial swine facilities, sows are individually housed in gestation stalls; animal welfare concerns and equipment replacement costs may lead to increased usage of group housing strategies during gestation. Because housing sows in groups allows for an increase in freedom of movement and social interaction, it is perceived to be more welfarefriendly than individually housing sows in stalls. This approach is also thought to decrease chronic stress experienced by sows, and speed the farrowing process. But the social interactions between animals also can lead to greater aggressive behavior among sows. The condition commonly known as "boss sow" syndrome occurs when dominant sows that are high on the social order consume more feed than desired at the expense of other sows in the group. Not only does this form of aggression lead to timid sows consuming less feed than desired as they fail to compete with dominant sows, but also it is likely to result in high fear and distress in the less-dominant sows.
The ability to properly feed gestating sows in group housing has been an ongoing challenge for swine producers, and is one of the biggest detriments of group housing systems. Several different approaches to feed grouphoused sows have been attempted, including feeding sows every other day, using feeding stalls within a pen, using electronic sow feeders, trickle feeding, and ad libitum feeding of high-fiber diets. A recent approach used on some swine farms is multiple feedings per day, in which pens of sows are fed small amounts of feed spread throughout the day (over 5 or 6 meals). The theory behind multiple feedings is that offering feed more frequently may result in dominate sows eating their allowance early in the day and possibly giving timid sows more opportunity to eat later in the day, resulting in less variation. Although this procedure seems to be popular among some producers, we are unaware of any research that validates this concept. The objective of this study was to determine whether feeding group-housed gestating sows multiple times per day reduces variation in sow body weight, backfat thickness, aggressiveness, and feet and leg problems, compared with feeding twice per day.
Procedures
A total of 496 group-housed gilts and sows were used to determine the influence of feeding frequency (2 versus 6 times per day) on performance and welfare measurements. The experiment was conducted on a commercial sow farm in northeastern Kansas that typically housed gestating sows and gilts in pens. Sows and gilts were managed differently in the experiment, so procedures and data are presented separately for them.
A total of 208 sows were randomly allotted to treatments (13 pens/treatment) in a balanced incomplete-block design. After weaning sows were moved to a breeding facility. Sows (average of 3 parities) received boar exposure and were housed in crates until detection of estrus, then were inseminated twice. The next day, 24 to 40 sows were randomly allotted by parity and assigned to a pen (16 × 10 ft; 8 sows/pen). Sows were weighed, and backfat was measured at the P2 position, at the time of allotment and before introduction into the farrowing house. Standard farrowing records were recorded by farm personnel.
A total of 288 gilts were allotted to treatments at breeding, with 12 replicates per treatment in a balanced incomplete-block design. Replacement gilts were selected for breeding and were transported to a breeding facility. Upon arrival, gilts were housed in groups, with boar exposure, until estrus detection. Gilts were inseminated twice and then were moved to pens (16 × 10 ft) over approximately 4 d until there were 12 gilts each pen. Gilts were housed in this facility until d 42 of gestation. At this time, gilts of similar breeding dates and treatment were combined and moved to another facility with larger pens until farrowing. Thus, the 12 replicates per treatment were combined to give 6 replications per treatment after d 42 of gestation. Gilts were weighed, and backfat was measured at the P2 position, at allotment, on d 42, and before farrowing. Standard farrowing records were recorded by farm personnel.
A grain sorghum-soybean meal gestation diet was fed to all sows and gilts, but with either 2 or 6 feedings per day. Feed drops were set to provide 5.5 lb of feed per sow per day and 4.5 lb of feed per gilt per day. All feed for sows and gilts was dropped onto the solid concrete floor. Feed drops were scheduled to drop twice (07:00 and 15:30) or 6 times per day (07:00, 07:30, 08:00, 15:30, 16:00, and 16:30 hours). Feed drops were set at the beginning of the trial, and were adjusted if a sow or gilt was removed from the trial. To accommodate the amount of feed needed per day, there were two feed drops per sow pen. For the gilts, there were 3 feed drops per pen from d 0 to 42, and 5 feed drops per pen from d 42 to farrowing. Feed drops in the current trial were the Accu-Drop Feed Dispenser provided by Automated Production Systems (Assumption, IL).
Sow and gilt aggressiveness during gestation period was determined by visually scoring lesions on the total body and vulva. Total body lesion scores were determined from a scale: 1 = no blemishes to some reddening or calluses, 2 = less than 10 scratches or 5 small cuts, 3 = more than 10 scratches or 5 small cuts, and 4 = most or whole area covered with scratches/wounds, with little or no untouched skin. Visual scoring of the vulva was determined from a scale: 1 = no obvious wounds, 2 = slight laceration, 3 = severe lacerations, and 4 = sow with severe lacerations and portions of the vulva absent. Structural integrity for sows and gilts was performed by visual scoring of the feet and legs. Visual scores for mobility were determined from a scale: 1 = no lameness observed in front or rear legs, 2 = animals with slight structural and/or movement problems, and 3 = sows/gilts with severe structural problems and unable to get up or walk. Hoof integrity scores were determined on a scale: 1 = no obvious lesions or cracks, 2 = animals with slight lesions on their foot pad and/or between toes, and 3 = sows with severe hoof cracking and lesions on the foot pad and/or between toes. Lesion scores were recorded on day 1 (before mixing) and every 14 days until farrowing.
Vocalization of sows was recorded by using an Extech Model 407764 (Waltham, MA) data-logging sound-level meter. The data logger was set to a frequency weighting 'A' mode, which responds like the human ear (boosting and cutting the noise amplitude over the frequency spectrum). The 'A' weighting mode is typically used for environmental measurements, OSHA regulatory testing, law enforcement, and workplace design. The meter was also set to slow mode (meter responds in 500 ms) to monitor a sound source that has a reasonably consistent noise level or to average quickly changing levels. Decibel readings at 1-min intervals are determined by using a sound-level meter. The sound meters were placed approximately 0.15 m from the feed drop and 1 m above the feeding area. A directional cone was attached to the microphone to decrease extraneous noise from adjacent pens. Vocalization was not measured in gilts due to the combining of pens and movement to another facility on d 42. Chi-square analysis was used to determine differences in the proportion of gilts and sows removed from the trial. All other data reported were analyzed by using the MIXED procedure of SAS (2001) .
Results and Discussion
Feeding frequency did not influence (P>0.93; Table 1) total sow removal or the proportion of sows removed for reproductive failure. Although relatively few sows were removed for structural problems, they were all on the 2 times per day feeding frequency, leading to a higher (P<0.07) removal rate for structural problems for sows fed 2 times per day than for sows fed 6 times per day. In gilts, there was no influence (P>0.31) of feeding frequency on removal from the trial because of reproductive failure or structural problems.
In sows, increasing feeding frequency from 2 to 6 times a day had no effect (P>0.10) on overall gain, ADG, and backfat change ( Table 2) . Initial and final P2 backfat were not different (P>0.10) among sows fed 2 or 6 times a day. Backfat gain (3.3 mm) was similar (P>0.10) for sows on both feeding treatments. Sow weight variation increased from the beginning of gestation (CV of 10 and 12%, respectively) to the end of gestation (CV of 15 and 17%, respectively), but was not influenced (P>0.10) by treatment.
In gilts, increasing the feeding frequency from 2 to 6 times a day did not affect weight gain from d 0 to 42 of gestation, but there was a trend (P<0.12; Table 3 ) for gilts fed 6 times a day to have a greater ADG and, therefore, gain more weight from d 0 to 42 (33 vs. 25 lb), when compared with gilts fed twice a day. There were no differences in weight gain from d 42 of gestation until farrowing. Thus, final weight was similar for the two feeding frequencies.
There was no difference (P>0.10) in initial weight variation for gilts, but d-42 weight variation was greater (P<0.04) for gilts fed 6 times a day. The increased variation at d 42 was maintained until farrowing, with greater variation in final weight (P<0.10) for gilts fed 6 times per day.
From d 0 to 42, gilts fed 6 times a day gained P2 backfat (0.37 mm), whereas gilts fed 2 times per day lost backfat (0.28 mm), resulting in 1 mm difference (P<0.09) on d 42. From d 42 to the end of gestation, all gilts lost approximately 1 mm, but the difference observed on d 42 was maintained until the end of the gestation period.
Among sows or gilts, there were no difference (P>0.10; Table 4 ) in number born alive, stillbirths, or mummies when feeding either 2 or 6 times a day during gestation.
In sows, aggressiveness, as determined by visual scores of skin and vulva lesions, was more pronounced (P<0.01 and 0.04, respectively) when fed 2 times a day versus sows fed 6 times a day (Table 5 ). Gestating sows fed 6 times a day experienced fewer (P<0.01 and 0.02, respectively) structural problems with feet and legs and hoofs as measured by higher visual scores. It must be noted, however, that all scores were low, indicating relatively few structural problems for either treatment. In gilts, there were no differences (P>0.10) observed for skin or vulva lesions or leg and hoof scores during the d 0 to 42 period or from d 42 to farrowing. Vocalization was greater in the 2-h period around the morning (P<0.07) and afternoon (P<0.01) feeding periods for sows fed 6 times a day versus sows fed 2 times a day (Table 6 ). As demonstrated in Figures 1 and 2 , vocalization increased with each feeding and returned to baseline values. Sows fed 6 times per day had three distinct vocalization peaks during each feeding period, indicating that they were more active over the feeding period.
Feeding frequency did not affect ADG, backfat change, or weight variation of grouphoused gestating sows. In gilts, feeding 6 times per day tended to increase ADG and backfat from d 0 to 42. The increased backfat was maintained until farrowing, but final weight was similar at the end of gestation. The lack of differences in final weight was not surprising because gilts and sows on both treatments were fed the same total quantity of feed each day. The greater feeding frequency (6 times per day) was hypothesized to reduce variation in weight gain; this did not occur. The more aggressive "boss" sows were expected to consume a greater portion of feed at the first morning and afternoon feedings and then allow more-submissive sows to consume more feed at the second and third feedings. After the initial morning and afternoon meal, sows that consumed feed should have had a spike in blood glucose and insulin, which should have induced a greater sense of satiety by the time the second and third feeding occurred. In reality, variation in final weight increased numerically in both sows and gilts when feeding frequency was increased, suggesting that more aggressive sows may have been able to consume more total feed, instead of less.
There were no differences in reproductive performance for sows or gilts fed either treatment, except for a trend for sows fed 2 times a day to farrow more total number of pigs. Feeding frequency was not expected to have a large impact on reproductive performance. Sows fed 6 times per day had lower skin and vulva lesion scores and leg/feet and hoof scores than scores of sows fed 2 times per day; however, there were no differences in gilts. Fewer skin and vulva lesions are an indication that fewer fights and subsequent injuries occurred in the sows fed 6 times per day, but the differences between treatments were relatively small. Sows fed 6 times per day were expected to have fewer hoof lesions; there should have been less impacted feed in hooves of sows fed 6 times per day because of the smaller amount of feed on the concrete at any one time. Sows fed 6 times a day were more active during the feeding period, as measured by vocalization, versus sows fed 2 times a day. Thus, the welfare criteria demonstrate both positive (lower lesion and structural-problem scores in sows) and negative (increased vocalization) responses to increasing the feeding frequency.
Determining the welfare status of gestating sows can be challenging because of the complexities between different gestation housing environments and challenges quantifying measures of welfare. A common problem with group housing of gestating sows is a condition commonly known as "boss sow" syndrome. This occurs when dominant sows that are high on the social order consume more feed than desired, at the expense of other sows in the group. In this project, we increased the feeding frequency from 2 to 6 times per day and spaced the feedings at a designed interval in an attempt to induce the sense of satiety of the boss sows and reduce variation in sow weight gain within each pen. Increasing feeding frequency did not improve overall weight gain, weight variation, reproductive performance, or overall removal rate of group-housed gestating sows or gilts. There were small reductions in skin and vulva lesions and structural scores, but there was an increase in vocalization for sows fed 6 times per day. In summary, increasing the feeding frequency from 2 to 6 times per day does not have a dramatic negative or positive impact on performance or welfare of group-housed gilts and sows. 
